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The Aqua-Po Public Beach report is the first in a series of reports on the
public beaches in the Commonwealth of Virginia. There are 14 localities with
public beaches totalling about 23 miles of shoreline. The public beach reports
are an assessment of the history of each public beach and their current status
in terms of loss of beach fill and maintence needed. This is measured by the
beach monitoring program sponsored by the Virginia Board on the Conservation and
Development of Public Beaches.
The public beach monitoring program was initiated in 1982 shortly after the
creation of the Public Beach Board. Each project funded by the Board requires
the locality to monitor the beach by periodic surveys in the form of beach
prof iles or transects. These surveys are sent to VIMS where they are entered and
stored on computer. Analysis of the beach profile data show where and how fast
changes in beach form and volume occur. This data then allows the locality to
determine if, when and how much addtional sand is required to maintain their
public beach.
Funds for beach projects come in the form of matching grants from the
Public Beach Board. There is a fifty/fifty match with the locality. The total
cost of the project at the Aqua-Po Public Beach was $370,000.
Any questions or commentson the data or contents of this report should be
addressed to the Advisor to the Public Beach Board P.O. Box 1024, Gloucester
Point, Virginia 23062.
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Aqua-Po Public Beach is located in stafford County, Virginia on the
southern shore of the Potomac River (Figure 1). It is an important public
beach site, as well as a valuable natural resource for Stafford County.
Before 1987, Aqua-Po Public Beach was one of the many stretches of
Chesapeake Bay shoreline undergoing severe erosion. The shoreline was rapidly
retreating to the west through overwash processes and cross-shore transport.
In the late 1960's, a groin field was constructed in an attempt to maintain
the beach. Continued erosion, however, left four previously attached groins
over 100 feet offshore. Sediment transport at the site, predominantly to the
south, resulted in a narrow beach zone along the southern section of the
shore. Groins at the southern end of the beach trapped some of the material
eroded from further up the shore.
Early in 1987, a major beach restoration project took place at Aqua-Po
in order to halt the continued severe shoreline erosion and create a stable
recreational beach for Stafford County. The project included 700 feet of
stone revetment, 20,000 cubic yds of beach fill material, and four 100-foot
long offshore attached breakwaters (Hardaway et al., 1989).
The design of the offshore attached or headland breakwaters was based on
procedures outlined in an equilibrium bay model by Silvester (1978).
Embayments between headland breakwaters will reach an equilibrium or stable
state over time as a function of the wave climate at the site. An explanation
of this concept is given in Appendix III.
The purpose of this report is to provide information about present beach
conditions at Aqua-Po relative to the 1987 restoration project. All data for
this report were analyzed at the College of William and Mary, Virginia
Institute of Marine Science (VIMS) and cover a time span from August 1986
through April 1990. Periodic updates of the beach surveys will be added as









Figure 1. Aqua-Po location map (Espey, Huston &Associates, Inc., 1985-1986
proposal by Stafford County, Virginia).
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SETTING
The Aqua-Po beach site is bordered on the north by Aquia Creek and on
the east by the Potomac River (Figure 1). It exists on a low, broad, marshy
peninsula. The shoreline faces east and is fetch-limited. A fetch refers to
an area of the sea surface over which waves are generated by a wind of
constant speed and direction. The fetch is particularly important in limiting
wave periods and wave heights (Komar, 1976). The greater the area over which
a wind may blow, the larger the waves that may be generated. In a fetch-
limited situation such as Aqua-Po, the sea surface area over which the wind
may blow is restricted; thus, the waves that develop remain somewhat small.
The average fetch at Aqua-Po is 7.2 km (Hardaway et ai., 1989).
Not much information exists pertaining to wave conditions at Aqua-Po.
The use of local wind data, however, enables an assessment of some effects of
the wave climate. Figure 2 contains wind roses for wind data obtained at Fort
Belvoir, Virginia representing the period 1957-1970. Data are shown as a
total annual wind rose, frequency of winds greater than 5 mls and 11 mis, and
annual peak-gust frequency (Rosen, 1976). From Figure 2, it is evident that
the northwest wind component is dominant in this region. Hardaway et ai.
(1989), through analysis of the wind data from nearby Quantico Marine Base,
found strong northeast and southeast winds to dominate that portion of the
river. They determined the net direction of wave approach at Aqua-Po to be
approximately shore-normal (-85° true N), perhaps reflecting a balance between
the northeast and southeast winds. Because of the storm surge associated with
Northeasters, waves generated from northeast winds would have more effect on
the shoreline and on net sediment transport. The response of this wave
process is evidenced in Aqua-Po's shoreline by the previously eroding
fastland at the north and the accumulation of eroded material along the
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The data available for analysis in this report included aerial
photographs, beach profile data, and sediment samples. Three aerial
photographs of the Aqua-Po site were traced and overlain so that changes in
the position of the shoreline could be assessed (Figure 3). The three years
used in the aerial photographic analysis correspond to a pre-project condition
(February, 1985), a post-project condition (December, 1987), and a near-
present condition (March, 1989).
Beach profiles have been surveyed quarterly since the restoration
project by the design firm of Espey, Huston & Associates, Inc. and by Stafford
County personnel. Beach profile transects were positioned along the shore in
order to best determine volume changes around the breakwaters and embayments
(Figure 3). Five dates were chosen to demonstrate how individual profiles of
the beach have changed over time. These dates were plotted together for each
of the 21 profiles (Appendix I). Profile data is summarized in terms of
relative shoreline positions, average beach elevations, and annual rates of
change (Table 1). Beach widths were measured on plotted profiles from the
back of the beach to mean high water (MHW), and beach elevations were measured
at mid-beach (half-way between the back of the beach and present MHW).
Plotted profiles were also used to calculate beach volumetric changes over
time, with respect to both embayment and breakwater portions of the shore
(Figure 4 and Table 2).
Sediment data were analyzed for grain size and statistical parameters
were calculated. Sediment data were available for only one date (March,
1987); however, samples were collected along 21 different profiles alongshore.
A standard sieving technique was used to separate samples into gravel, sand,
and silt and clay fractions. Weight percents of each fraction were determined
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Profile preto preto postto Ave.rate preto preto posto
Number post present present ofchane post present present
1 +50 +45 -5 -1.7'/yr +3.5 +3.5 0.0
2(MB) +55 +45 -10 -3.3'/yr +3.5 +3.5 0.0
3 +75 +60 -15 -5.0'/yr +3.0 +3.0 0.0
4(BW) +80 +85 +5 +1.7'/yr +3.5 +3.5 0.0
5 +50 +45 -5 -1.7'/yr +3.5 +3.5 0.0
6(MB) +45 +40 -5 -1.7'/yr +3.5 +3.5 0.0
7 +80 +75 -5 -1.7'/yr +4.0 +3.5 -0.5
8(BW) +75 +85 +10 +3.3'/yr +4.0 +3.5 -0.5
9(BW) +70 +85 +15 +5.0'/yr +3.5 +3.5 0.0
10(BW) +75 +85 +10 +3.3'/yr +3.0 +3.5 +0.5
11 +60 +50 -10 -3.3'/yr +3.0 +4.0 +1.0
12(MB) +45 +45 0 0.0'/yr +3.5 +3.5 0.0
13 +80 +80 0 O.O'/yr +3.5 +3.5 0.0
14(BW) +75 +85 +10 +3.3'/yr +3.5 +4.0 +0.5
15 +60 +50 -10 -3.3'/yr +3.5 +4.0 +0.5
16(MB) +45 +45 0 0.0'/yr +3.5 +4.0 +0.5
17 +60 +65 -5 -1.7'/yr +3.5 +4.0 +0.5
18(BW) +70 +75 +5 +1.7'/yr +4.0 +3.5 -0.5
19 +55 +45 -10 -3.3'/yr +3.0 +3.0 0.0
20(MB) +45 +40 -5 -1.7'/yr +3.0 +3.0 0.0
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Numbers indicate the volume of sand added behind each
embayment(A-E) and each breakwater (1-4) in 1987 (CY/FT)
























Table2 . BEACHVOLUME1RIC RATE OFCHANGE
RELATIVE TO BREAKWATER UNITS1THRU 4




CY/FT/YR CY/FT/YR CY/FT/YR CY/FT/YR
BayA -1.3 -0.3 -0.2 -0.6
BW#l -1.0 2.1 0.4 0.3
BayB -1.8 1.3 0.1 -0.4
BW#2 1.0 0.9 0.4 0.5
BavC -1.0 0.1 0.7 -0.1
BW#3 0.2 1.0 1.1 0.4
BavD -0.8 1.1 0.7 0.2
BW#4 -0.1 -0.8 0.9 0.4
BayE -1.6 0.4 -0.1 -0.5
VIMS Rapid Sediment Analyzer (RSA) in order to determine specific sand size
fractions. Appendix II contains the raw sediment data. Summaryplots of the
sediment data were constructed in order to demonstrate changes in the mean
grain size and sorting characteristics of sediments with respect to backshore,
mid-shore, and foreshore profile positions. Four different mid-bay profiles




Three sets of aerial photographs corresponding to a pre-project
condition (February, 1985), a post-project condition (December, 1987), and a
present condition (March, 1989), were traced and overlain in order to compare
changes in the position of the shoreline over the three year monitoring period
(Figure 3). The positions of the 21 profile transects are also shown on
Figure 3 allowing for comparison with the individual profile plots contained
in Appendix I. From Figure 3, the narrow beach can be seen that existed at
Aqua-Po prior to the 1987 project - in some cases reaching almost back to the
access road. Figure 3 also demonstrates the substantial increase in overall
beach width from the 1985 shoreline to the 1987 shoreline created by the
restoration project. In some sections of the beach, this increase is as much
as 100 feet. Between 1987 and 1989, especially in the embayments, the
shoreline receded slightly. However, in all cases the beach width remained
greater than in the pre-project condition. Small changes in the position of
the shoreline (on the order of 1 - 5 ft) cannot be evidenced on this sketch
due to the scale of the drawing. Thus, the photographic analysis provides a
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TABLE 3B - SORTING CLASSES AND CORRESPONDING SORTING VALUES
IModified from FriedmanandSanders, 1978;Principles of sedimentology)
13
TABLE 3A - SEDIMENTSIZE CONVERSIONTABLE
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Appendix I contains the individual profile plots with five chosen dates
plotted together for each of the 21 profiles spanning the beach. Table 1
summarizes the profile data in terms of relative shoreline positions, average
beach elevations, and average annual rates of change. Here, "pre" designates
the profile survey of August, 1986, "post" designates the immediate post-
project survey of March, 1987, and "present" designates the most recent survey
data of April, 1990. All measurements in the table are in feet, with positive
values indicating accretion and negative values indicating erosion or
deflation.
Many important observations may be derived from the summarydata. At
all places along the shore, the beach is significantly wider than the pre-
project condition. Of the width created by the 1987 project, however, the
beach has narrowed in varying degrees alongshore - largely with respect to
embaymentor breakwater areas of the shoreline. The three central embayments
(profiles 5 - 7, 11 - 13, 15 - 17) show relatively stable portions of the
shoreline (profiles 12, 13, 16), as well as portions which have receded
between 5 feet and 10 feet (profiles 5, 6, 7, 11, 15, 17). The two embayments
at the northern-most and southern-most stretches of the site (profiles 1 - 3,
19 - 21, respectively) show that the shoreline there has receded between 5
feet and 15 feet over the three year monitoring period. In contrast,
breakwater areas of the shoreline (profiles 4, 8 - 10, 14, 18) consistently
show accretion between 5 feet and 15 feet, with the largest increases behind
the center two breakwaters (profiles 8 - 10, 14). Because fill material
placed on the beach in 1987 was added out to the breakwaters, the increases
noted in beach width indicate a filling-in of material immediately behind the
breakwaters. The filling-in of material yields a local increase in elevation
moving the position of MEWto the breakwater position. The pattern of
14
shoreline adjustment occurring at Aqua-Po is expected when a breakwater system
has been implemented in order to maintain a recreational beach. The
breakwater system at Aqua-Po was designed and constructed based on a net
southerly transport of sediment, and thus intended to help trap material which
would otherwise be lost to the system.
With respect to beach elevation, data indicate that the subaerial beach
at Aqua-Po has remained relatively stable since the 1987 project. All profile
stations show an increase in subaerial beach elevation behind each breakwater
over the pre-project condition. Generally, beach embaymentsshow no net
change in elevation since the restoration project (profiles 1 - 3, 5, 6, 12,
13, 19 - 21). Exceptions to this include profile 7 which has lost 0.5 foot in
elevation, and profiles 15 - 17 and 11 which have gained 1 foot and 0.5 foot,
respectively, over the post-project elevation. The pattern of beach elevation
change behind the breakwaters is more varied. Breakwater profile stations 4
and 9 show no change in elevation, 8 and 18 have lost 0.5 foot in elevation,
and 10 and 14 have gained 0.5 foot in subaerial beach elevation.
During the three year monitoring period, net rates of shoreline
recession varied between 1.7 ft/yr and 5 ft/yr among the profile stations.
Net rates of shoreline accretion also varied between 1.7 ft/yr and 5 ft/yr.
Because much of the shoreline adjustment typically takes place during the
first few months following project implementation, the calculated net rates of
change are poor estimators of actual annual changes. Typically, annual rates
of change begin to slow after the first year of monitoring. Based on the 21
profiles spanning the shore, some portions of the Aqua-Po shoreline may have
stabilized (profiles 12, 13, 16), while others may be very near equilibrium.
Long term monitoring will provide data needed for further evaluation of beach
adjustment and stabilization.
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In general, beach slopes have changed very little as the shoreline has
adjusted. In the embayments, shore slopes have steepened slightly as beach
elevations have remained stable or increased and beach widths have decreased.
In breakwater areas, shore slopes have flattened as material has accumulated
behind breakwaters.
Beach Volumetric Chanaes
Figure 4 and corresponding Table 2 represent beach volumetric rates of
change at Aqua-Po over time, with respect to both embayment and breakwater
portions of the shore. In Figure 4, A - E represent embaymentsalong the
shore, with A corresponding to profiles 1 - 3 at the northern-most part of the
shore. The numbers (1 - 4) represent breakwater units, with 1 being the
northern-most breakwater. Volume changes were calculated in cubic yards per
foot per year (cy/ft/yr). The initial fill volume within the monitoring area
(between profiles 1 - 21) included approximately 13,000 cy of sand.
During the first eight months following project implementation (March,
1987 - November, 1987) negative volume changes were greatest. That is, of the
fill material placed on the beach during the restoration project, the largest
losses of this material overall occurred during the immediate post-project
time period. This is consistent with the earlier statement that most
shoreline adjustment typically takes place during the first few months
following project implementation. During the next four months (November, 1987
- March, 1988), rates of change were predominantly positive along the shore.
The pattern of change observed indicates that the beach was continuing to
adjust.
During the next time period (July, 1988 - April, 1990) there were again
predominantly positive volume changes for both embayment and breakwater units,
with the exception of the two end embaymentsA and E. The last set of dates
plotted represent rates of change over the total three year monitoring period
16
(March, 1987 - April, 1990). The indication is that the beach is approaching
an equilibrium state as rates of change are decreasing over time.
The fastland bank along Aquia creek, which in the past provided material
to the beach site, was stabilized in the 1987 project with stone revetment.
With the revetment halting the erosion of upland material, new sediment is no
longer available to the system. Thus, the pattern of gain and loss observed
alongshore involves mainly the movement of nourishment material placed on the
beach in 1987. Over the three year period, the pattern is such that the
largest volume losses are in the northern embayments A and B (-0.6 cy/ft/yr
and -0.4 cy/ft/yr), smallest in embayment C (-0.1 cy/ft/yr), and volume has
been increasing in the southern embaymentD (0.2 cy/ft/yr) as well as behind
all the breakwaters. In general, the sediment within the system is being
transported from the northern embayments, bypassing the central embayment, and
accumulating behind the breakwaters as well as being transported around the
breakwaters and accumulating in the southern embayment. This pattern
reinforces that the predominant direction of sediment transport at Aqua-Po is
to the south. EmbaymentE is the one anomaly and has lost material at a rate
of -0.5 cy/ft/yr.
Sediment Analvsis
Figures 6 and 7 and Table 4 contain summarized sediment data relating
changes in mean grain size and sorting characteristics of sediments to
backshore, mid-shore, and foreshore profile positions. Data are for four
different mid-bay profiles: 6 (embaymentB), 12 (embaymentC), 16 (embayment
D), and 20 (embayment E). Figure 5 indicates which portions of a typical
profile correspond to backshore, mid-shore, and foreshore positions. Because
sediment data were available for only one date (March, 1987 - immediate post-
project), we can only report on the conditions which existed at that
particular time. There is no basis for a comparison with pre-project or
present beach sediment characteristics.
17
March 1987 - Mid-bayprofiles
MID-SHORE FORESHORE
--a- Profile#6 --+- Profile#12 *- Profile#16~ Profile#20























Profiles 6 12 16 20
Backshore 1.329 1.254 1.394 1.429
Mid-shore 1.677 1.776 1.588 1.914
Foreshore 2.003 1.084 1.232 2.351
Profiles 6 12 16 20
Backshore 0.66 0.744 0.758 0.675
Mid-shore 0.45 0.505 0.616 0.589
Foreshore 0.93 0.897 0.886 0.852
In Figure 6, changes in mean grain size along profiles are shown in phi.
The phi scale is a common unit used to designate grain diameter that is
designed to simplify calculations. A phi/mm conversion table is presented in
Table 3A. Note that as phi values increase, mmvalues decrease. In Figure 6,
mean phi size increases along the y-axis, thus corresponding to decreasing
sediment size.
For profiles 6 and 20, sediments are largest in the backshore with
decreasing sediment size towards the foreshore. Profiles 12 and 16 show
roughly the same size sediments in the backshore and mid-shore as do profiles
6 and 20, however the foreshore sediments are significantly larger than those
of profiles 6 and 20. One possible explanation for this is that smaller-
grained sediments are entrained and removed from the northern part of the
shore (embayment B, profile 6) and readily bypass the breakwaters as they are
transported south. The larger sediments are left within the system as lag
deposits and thus are observed more in the central embayments (C and D) and
less at the southern end of the shore. Because the data represent immediate
post-fill conditions at the site, the observed sediment characteristics are
reflective of an adjusting beach.
In Figure 7, changes in sediment sorting characteristics along profiles
are shown. Sorting refers to the selection of sediment particles during
transport according to their sizes, specific gravities, and shapes (Friedman
and Sanders, 1978). It is represented by a statistical parameter which
describes the spread of a population distribution about its mean. Well-sorted
sediments have a very narrow spread indicating a more homogeneous population.
Table 3B shows various sorting classes and their corresponding statistical
sorting values. Well-sorted sediments have values less than 0.50, while
poorly-sorted sediments have values greater than 1.40. From Figure 7, sorting
values for the March, 1987 data range from 0.45 to 0.93 and are thus within
the moderately sorted to well-sorted range.
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Typically, hydraulic sorting of sediments by wave action is most
efficient in the intertidal swash zone. This zone corresponds to the mid-
shore region of profiles at Aqua-Po. As Figure 7 indicates, the mid-shore
contains the most well-sorted sediments for all four profiles. The backshore
region in all cases contains sediments intermediate in sorting characteristic.
Sorting values for the backshore are similar between profiles (0.66 to 0.76),
reflective of the fill material placed on the beach which has not been
affected by wave action. The most poorly-sorted sediments are observed in
foreshore regions of the profiles. The poor sorting is reflected in the
discrepancies in mean grain size of foreshore sediments between the profiles,
and is further indicative of an adjusting beach.
CONCLUSIONS
All data analyzed over the three year period of this report indicate that
the restoration project implemented in 1987 has thus far been successful.
Aerial photographs clearly show the substantial increase in beach width
created by the restoration project, and the small loss of this width in
embayments along the shore. Beach profile analysis also indicates that the
present beach at Aqua-Po is wider in all cases than in its pre-project
condition. Rates of shoreline recession in embaymentsare small - between 1.7
ft/yr and 3.3 ft/yr, with a larger recession rate of 5 ft/yr occurring in the
northern-most embayment. Rates of shoreline increase are similar, between 1.7
ft/yr and 3.3 ft/yr. Beach elevations have remained relatively constant - 12
of the profile stations show no change in elevation since the 1987 project,
three profile stations show a small loss of 0.5 feet in subaerial beach
elevation, and the remaining stations show an increase in beach elevation over
that created by the restoration project. Beach volumetric rates of change are
also small and indicate that the beach seems to be approaching an equilibrium
condition as rates of volume change have decreased over time. Due to a net
21
southerly drift, volume loss rates are greatest at the northern-most part of
the shore, however, data indicate that much of this material is accumulating
behind breakwaters and within embaymentD. Between the time of the
restoration project in 1987 and April 1990, the overall volume of beach
material within the monitoring area has not changed. Though sand has moved
within the system, there has been no net loss of material. These data
indicate that the 1987 restoration project has succeeded in halting the
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Mz =Mean grain size
Md =Median grain size
SI = Standard deviation
SKI= Skewness
KG = Kurtosis
AQPOP6_1 lV~~~hole - B?)
AQUAPO P6-1
0.0 0.0 0.00 Lat Lon Depth(m) Operator: CF
724.7537 Dry Sand Fraction Weight (mg)
2.65 Grain density INatural Grain Fall Time using Wn=0.977WsAO.913
1.3534 0.6792 0.4507 3.5540 M1 M2 M3 M4 (phi)





















































































































































































































































































* - fall velocity of natural grains in fresh water at 200C
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0.0 0.0 0.00 Lat Lon Depth(m) Operator: CF
565.6997 Dry Sand Fraction Weight (mg)
2.65 Grain density /Natural Grain Fall Time using Wn=0.977WsAO.913
1.6816 0.4807 -0.0772 4.7921 M1 M2 M3 M4 (phi)


















































































































































































































































































* - fall velocity of natural grains in fresh water at 200C
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0.0 0.0 0.00 Lat Lon Depth(m) Operator: CF
676.1756 Dry Sand Fraction Weight (mg)
2.65 Grain density INatural Grain Fall Time using Wn=0.977WsAO.913
2.0060 0.9005 -0.2924 2.5624 M1 M2 M3 M4 (phi)
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0.0 0.0 0.00 Lat Lon Depth(m) Operator: CF
578.6277 Dry Sand Fraction Weight (mg)
2.65 Grain density INatural Grain Fall Time using Wn=0.977WsAO.913
1.2859 0.7850 0.3329 3.5194 M1 M2 M3 M4 (phi)
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0.0 0.0 0.00 Lat Lon Depth(m) Operator: CF
714.1762 Dry Sand Fraction Weight (mg)
2.65 Grain density INatural Grain Fall Time using Wn=0.977WsAO.913
1.7691 0.5443 -0.1007 4.1531 M1 M2 M3 M4 (phi)





















































































































































































































































































* - fall velocity of natural grains in fresh water at 200C
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0.0 0.0 0.00 Lat Lon Depth(m) Operator: CF
567.2667 Dry Sand Fraction Weight (mg)
2.65 Grain density /Natural Grain Fall Time using Wn=0.977WsAO.913
1.0969 0.9157 0.9650 3.4130 M1 M2 M3 M4 (phi)





















































































































































































































































































* - fall velocity of natural grains in fresh water at 200C
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0.0 0.0 0.00 Lat Lon DepthCm) Operator: CF
661.6806 Dry Sand Fraction Weight Cmg)
2.65 Grain density INatural Grain Fall Time using Wn=0.977WsAO.913
1.4180 0.7647 0.5144 3.3119 M1 M2 M3 M4 Cphi)





















































































































































































































































































* - fall velocity of natural grains in fresh water at 200C
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0.0 0.0 0.00 Lat Lon Depth(m) Operator: CF
609.5767 Dry Sand Fraction Weight (mg)
2.65 Grain density /Natural Grain Fall Time using Wn=0.977Ws~0.913
1.6149 0.6571 0.4789 4.1733 Ml M2 M3 M4 (phi)























































































































































































































































































0.0 0.0' 0.00 Lat Lon Depth(m) Operator: CF
707.1246 Dry Sand Fraction Weight (mg)
2.65 Grain density INatural Grain Fall Time using Wn=0.977WsAO.913
1.2391 0.8934 0.7782 3.2112 M1 M2 M3 M4 (phi)





















































































































































































































































































c* - fall velocity of natural grains in fresh water at 200C
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0.0 0.0 0.00 Lat Lon Depth(m) Operator: CF
623.6800 Dry Sand Fraction Weight (mg)
2.65 Grain density INatural Grain Fall Time using Wn=0.977WsAO.913
1.4369 0.6777 0.3929 3.2958 M1 M2 M3 M4 (phi)
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0.0 0.0 0.00 Lat Lon Depth(m) Operator: CF
622.5047 Dry Sand Fraction Weight (mg)
2.65 Grain density /Natural Grain Fall Time using Wn=0.977WsAO.913
1.9230 0.5931 0.2415 3.3963 M1 M2 M3 M4 (phi)




















































































































































































































































































* - fall velocity of natural grains in fresh water at 200C
(
































ni ~ . .
(
" . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
259 "1 .. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
219 1 !




























0.0 . 0.0 0.00 Lat Lon Depth(m) Operator: CF
555.1222 Dry Sand Fraction Weight (mg)
2.65 Grain density /Natural Grain Fall Time using Wn=0.977Ws~0.913
2.2918 0.8502 -0.4826 3.2761 M1 M2 M3 M4 (phi)
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Silvester (1974) considered at least two fixed breakwaters or headlands
in his definition of equilibrium shore for the embayedpocket beach. From
numerous investigations of natural crenulate or log-spiral bays and physical
scale models, Silvester (1974) developed a model to determine maximum bay
indentation while knowing the incident wave angle, to the center line of two
headland breakwaters.
Oblique incident waves approaching widely spaced breakwaters may cause
an effect in the adjacent embayment. Natural headlands and their embayments
have been studied by Yasso (1965), Silvester (1974), and others. The planform
of the headland-bay beaches is dependent on the predominant direction of wave
attack (Yasso, 1965; Silvester, 1974). Headland-bay beaches often are
referred to as the aforementioned crenulate or log-spiral bay beaches.
Because of the decreasing radius of plan curvature that
characteristically occurs toward the headland and because the rate of decrease
(
in radius curvature appears to be non-linear, Yasso (1965) tested the
equiangular (logarithmic) spiral,
for goodness of fit to the plan shape of headland-bay beaches. In the
equation above, RZ/R1 is the ratio of two radius vectors from a log-spiral
center; a is the angle between a radius vector and tangent to the wave at that
point and is a constant for a given log-spiral; 8 =the angle between radius
vectors; and the constant e is the base of Naperian logarithms. A diagram of
log-spiral nomenclature is shown in Figure III-1.
Silvester (1976) recognized the difficulty in defining the equilibrium
beach to the log-spiral formula. Extensive research on crenulate bays
resulted in relating the equilibrium beach planform to maximum bay indentation
and incident wave angle (Figure 2). Silvester divided the bay into the
updrift shadow reach or logarithmic spiral and the tangential reach. The
logarithmic spiral reach is affected most by wave diffraction. The tangential
- -
reach, which is slightly convex seaward or straight, is affected mostly by
wave refraction.
Rea and Komar (1975), in studying log-spiral bays through numerical
modeling, indicated that the shoreline will always attempt to achieve an
equilibrium configuration which is governed by the patterns of offshore wave
refraction and diffraction and by the distribution of wave energy flux. If
the system is closed, then a true equilibrium is achieved wherein the
shoreline everywhere takes on the shape of the wave crests (i.e. breaker
angles are everywhere zero). If the system is not closed and sediment
continues to be transported to the downdrift end of the model and further,
then equilibrium occurs where the breaker angles are precisely those required
to transport the sediment eroded from the updrift section of beach. Under
this definition of equilibrium the shoreline continues to erode but retains
its overall shape (Rea and Komar, 1975).
The breakwater system at Aqua-Po initially was overfilled to provide a
wide backshore. The bays would adjust with time to a stable planform.
According to Silvester's equilibrium bay model (1974), the maximumbay
indentation within range of wave directions from shore-normal to 45° would be
less than 24 m (80 ft). This was an important design consideration because
the maximum bay indentation could not encroach on the road behind the beach.
The costs and objective of a recreational beach were also critical factors and
limited the dimensions of the project.
Figure III-I. Definition sketch of logarithmic




Figure 111-2. Crenu1ate shaped bay in stable and unstable
conditions (after Silvester, 1976).
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